Penicillium simplicissimum AK-40, which was isolated from a soil sample, produced novel insecticidal compounds when cultured with okara (the insoluble residue of whole soybean). The metabolites, named okaramine A (1) and B(2), were crystalline products with molecular formulas C32H32N4O3 and C33H34N4O5, respectively. The structure of 1 was deduced from the structure of acetylokaramine Athat was established by single crystal X-ray diffraction. The structure of 2 was determined from the data of UV, IR, NMR(*H and 13C) and mass spectrometry. 1 and 2 showed insecticidal activity against the 3rd instar larvae of silkworm at doses of 3/ig/g of diet and 0.1 /ig/g of diet, respectively.
Various components with insecticidal activity have been found amongthe metabolites of microorganisms,1~5) and a few compounds such as tetranactin,6) milbemycin D7) and avermectin Bla8) are used in practice.
In our continuing search for new insecticides of microbial origin, we found that an unidentified spieces of Streptomyces produced physostigmine and A^-norphysostigmine which showed insecticidal activity against silkworm.9) We further screened microbes for insecticides, and successfully obtained an isolate of Penicillium simplicissimum AK-40. In our preliminary reports,10'11} we have quoted the occurrence of new insecticidal indole alkaloids in the fermented media. This is a full paper on the isolation and structural determination of these metabolites, and their biological activities are also discussed. The material from an acetone extract of okara fermented with the titled strain was partitioned between ethyl acetate and water. The ethyl acetate layer thus obtained exhibited insecticidal activity against silkworm. With the use of insecticidal activity to follow the separations, the ethyl acetate fraction was repeatedly chromatographed on silicic acid with 461 a hexane-acetone mixture, and then on alumina with a hexane-ethyl acetate mixture.
Crystallization of the 50%ethyl acetate eluate and of the 60-80% ethyl acetate eluates gave two active compounds, which were named okaramine A and okaramine B, respectively. Okaramine A (1) was obtained as pale green needles, [a]3, 0 +505°(c=0.09, MeOH) .12) Its molecular formula was established to be C32H32N4O5 by HR-EIMS together with the 13C-NMR (Table I) and 'H-NMR (Table II) spectra, implying 19 degrees of unsaturation. The 13C-NMRspectrum indicated that 1 had bon at 89.2ppm showed an acetylation shift, indicating that the hydroxyl in 1 was a tertiary one.
Hydrogenolysis of 1 in acetic acid over 10% Pd/C afforded compound 4, whose molecular formula was determined to be C27H24N4O3.
From data of the^-NMR and 13C-NMR spectra for 4, 4 lacked two tertiary methyls, a vinyl and a quaternary carbon that were present in 1. A singlet methine proton at 5.52ppm in 1 changed to a doublet methine proton at 5.53ppm in 4, and the latter proton wascoupled to an additional imino proton at 6.04ppm. These facts suggested that an a,adimethylallyl group was attached to a nitrogen in 1, so the compound4 was tentatively named despentenylokaramine A.
Because the structure of 1 could not be deduced solely from spectroscopic data, we carried out an X-ray structural analysis on Tables III and   IV . The molecular structure is shown in Fig. 2 , while the bond distances and angles are given in Tables V and VI, respectively. The absolute configuration of this compoundremained uncertain because this examination by X-ray crystallography had been done by the direct method. From these results, okaramine A The values in parentheses are coupling constants expressed in Hz. a Taken in acetone-</6. b Taken in DMSO-</6. c Splitting and coupling constants could not be measured. Chemical shifts were determined from two-dimensional charts. was shown to be composedof two moieties,
and these two parts formed a diketopiperazine ring, resulting in the formation of 1. The 1H-and 13C-NMRspectra of 1 were in complete accord with the structure shownin and between 3a-OH (<5H 5.26) and C-3a (3C 84.8) indicated that a hydroxyl and a methoxyl were located at C-3a and C-3, respectively.
The relative stereochemistry of 2 was confirmed by the nuclear Overhauser effect difference spectra of 2. The results summarizedin Fig. 3 indicated the^-configuration for 2-OH, 
1.526 (9) C(31)-C(32) 1.10 (6) C(13)-C (14) 1.513 (21) 1.406 (9) Fig. 3 . Summary of the NOE Difference Spectra of Okaramine B (2).
3a-OH and ll-H, and the a-configuration for 3-OMe. The structure thus determined is shown in Fig. 1 . The absolute configurations at C-2, C-3a and C-8a of 2 were deduced to be the same as those in 1 by comparing the CD spectrum of2 with that of 1 (Fig. 4) . pound, a metabolite of Asp. ustus,l6) which has as a partial structure the same carbon skeleton of the azocinoindole moiety, the common component of 1 and 2. It is of particular interest that both the azocinoindole part and the pyrroloindole part consist of one molecule of tryptophan and an isoprene unit. The insecticidal activities of okaramines and (6) (6) (6) (7) (8) (9) (7) (6) (6) (5) (6) (5) (5) (6) (6) (5) (6) (6) (5) (5) (5) (6) (6) (5) (5) (5) (6) (6) (5) (6) (6) (6) (6) (6) (6) (6) (5) (5) (6) (6) (6) (7) (8) (8) (8) (7) (7) (6) (6) (6) (6) (6) (6) (6) (5) (6) (6) (7) (6) (6) (5) (5) (6) (6) (6) (6) (6) (1) (8) (8) (1) (1) (9) (4) (6) (8) (7) (9) their related compoundsagainst the 3rd instar larvae of silkworm are shown in Fig. 5 . Physostigmine, 17) the cholinesterase inhibitor, and rotenone,18) the inhibitor of the respiratory electron transport system, are both known as insecticides, and were also examined in the same assay system. Okaramine A (1) was as active as physostigmine, which was more active than rotenone. Okaramine B (2) was much more active than 1, namely, 100%of the larvae were killed within 24hr at a concentration of0.3 ppm. Acetylokaramine A (3) had less activity than 1, and despentenylokaramine A (4) had no activity. These data strongly suggest that an azetidine ring in 2 and an isoprene side chain at TV8in 1 played an essential role in expressing the activity. The most active compound, okaramine B, also showed the same activity against the 2nd instar larvae of beet armyworm{Spodoptera exigua),19) indicative of the practical usefulness of okaramine B. (silica gel, WakoPure Chemical Industries) and alumina (WakoPure Chemical Industries) were used for column chromatography. The okara used as a medium in this experiment was a commercial type, and the rotenone used was generouly furnished by Professor Ueda of the University of Osaka Prefecture. Physostigmine was obtained from Streptomyces sp. AH-4.9)
1. Bioassay. Larvae of Bombyxmori were used for the bioassay, and were cultured on an artificial diet purchased from Nippon Nosan Kogyo Co., Ltd.
To one gram of the diet, 100/il of acetone extract or a certain amount of the sample to be tested were added in a petri dish. After removing the solvent, ten larvae of the third instar were introduced into the petri dish. Thirty larvae (three petri dishes) were treated at each dosage, and the mortality rate was determined 24 hr after initiating the administration.
Fermentation of the insecticidal compounds. A loop-
ful of spores from a slant culture of a strain of P.
simplicissimum (AK-40) was inoculated into 30 g ofokara in a petri dish (9 cm in diameter), and cultivation was carried out at 25°C for 10 days. 434, 377, 250, 222, 207, 195, 167. HR-EIMS m/z: 452.1858 (M+, C27H24N4O3; calcd.
452.1848).
8. X-ray analysis of acetylokaramine A. Acetylokaramine A (3) was recrystallized from MeOHto give pale yellow needles. Determination of the cell parameters and collection of the intensity data were performed on a Rigaku AFC-5 diffractometer with graphite-monochromated CuKa radiation (a= 1.5405A) using a crystal
